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TECHNICAL P'ELP 

The present invention relates a high frequency dielectric ceramic 

compositions. 



BftCKfiBQUMB "*T 

Recently, with the rapid development In a mobile communication and a 
i o satellite communication, a hfch frequency dieleculc ceramics is in a high demand 
as a materia, for a high frequency integrated circuit or a dielectric resonator. 

Major characters of the dletectric ceramics used for a high frequency 
9 inoludes a high dielectric constant «. a qualdy factor (O) and a M and 

R tunable temperature factor W of a resonance frequency. 

Represent high frequency dielectric compositions which have been 
wld e,y Known up to now are (Zr. Sn,TI0 4 group. BaO-TIO, group. (Mg. Ca,T^ 
g ,ou P . and wa.TWO, BaCMg^O,. - 



ru 1 5 



group- 



However, these composes are disadvantages in ma, they are most* 
20 fired at a high temperature of 1 ,300-1 .500-C. upper sum is not easy, a dielectnc 
constant is low or a high-priced material should be used. 

Sesid s. lately, advancement of a portable information communicauon 
d evicea lead to dev .opment of various types of boards and mu^hip module 
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(MCM) by a multilayer chip high frequency devices or low temperature co-firing 
ceramics (LTCC). and a research and development of a low temperature firing 
high perfoimance high frequency ceramics are conducted accordingly. 

However, there are problems that the performance of the high frequency 
s characteristic is considerably degraded such as. for example, most of them are 
not sufficient in terms of density when being fired at a tew temperature, a 
dielectric constant is degraded according to addition of a firing material, a quality 

factor is degraded and a temperature factor is changed. 
£ , n addition, silver conduct or copper conduct with a small high frequency 

1 10 loss and a cofiring available low temperature firing high frequency dielectric 

ceramic are very rare. 

Therefore, an object of the present invention is to'provide a dielectric 
ceramics composition which can be fired at a very low temperature but has an 
excellent high frequency dielectric characteristic of various temperature 
compensation characteristics according to a high quality factor, a dielectric 
constant, a stable temperature factor and a composition, and can be 
implemented at a low cost 

Another object of the present invention is to provide a dielectric ceramics 
composition which can employ Ag, Cu, their alloy or a Ag/Pd alloy as an internal 
electrode and thus be used for various high frequency devices, such as a 
stacked chip capacitor, a stacked chip filter, a stacked chip capacitorfnductor 
composite device and a low temperature firing board, a resonator and a filter or 
a ceramic antenna. 
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DHflii Fr B ESCB1E DQM r? TH" »nvpntiqm 
l„ order to achieve the above objects, there is provided a dieiectric 
ceramics composition which is constructed by combining 1 mole of (Zn^TiC, 
and vTiO 2 <0*v<0.8 and fired at a lew temperature of 925-1,100'C, its 
preparation method, and a high frequency dielectric ceramics device using the 
same. In this respect. -Mr is one of Mg. Co. Ni, V is 0*00.6 in case of Mg and 
•x' is 0<x<1 in case of Co, and 0*^i in case of Ni 

BBI EE DESCB1E0QM QE T HF PRAWINgS 

Figure 1 is a graph showing a method for determining a phase 
dissociation temperature from a DSC curve. 

Figure 2 is a graph showing a phase dissociation temperature of (Zn 
x Mg x )Ti0 3 according to a substituted amount of Mg: 

Figure 3 is a graph showing a DSC curve of (Zn 0B Mg 0 .2)TiO 3 composition; 

Figure 4 illustrates an XRD pattern obtained when (Zn 0 .eMg 0 ^)T.O 3 is heat- 
treated at a temperature of 1000°C for 4 hours; 

Figures 5A and 5B illustrate XRD patterns each obtained after (Zn 
jOojnO^te calcined at temperatures of 1000'C and 1150-C for four hours; 

Figures 6A and 6B illustrate XRD patterns each obtained after (Zn 
,Ni,)T,0 ? is calcined at temperatures of 1000-C and 1 150°C for four hours; 

Figure 7 is a graph showing a microwave dielectric characteristic of (Zn 

wCoJTIO,; and 
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Figure 8 is a graph sho^ng a microwave dielectric characteristic of (Zn 
,.xNi,)TiO,. 

, AnRY | H« r>HTTHE_E R E EF RREP E M 



The present invention wi.1 now be described w«h reference to 

accompanying drawings. 

A high frequency dtelectoc ceramics composMon of the present invent™ 
is characterized in that It has a very taw firing temperature flBS-HOO-C) 
eompareo to toe, of a conventional dielectric composition, has an extent h.gh 
10 treguency dielectric characteristic, various temperature compensation 
characterises according to a high guamyfacter, a dtetectric constant, a stable 
temperature factor and a compost, and can be impiementad with a low-priced 
material such as ZnO, MgO. CoO. NiO, 710,. 

ln addition, toe high frequency dielectric ceramics composition of toe 
1S present invention is also characterized in that ,. employs Ag. Cu, toeir alloy or 
a Ag/Pd alloy as an interna, electrode and thus be used for various high 
frequency devices, such as a stocked chip capacitor, a staeRed chip finer, a 
stacKed chip capacitor/inductor composite device and a low temperature firing 
board, a resonator and a filter or a ceramic antenna. 

,n toe present Mention, the low temperature firing composition of the 

temperature firing composifion, more than several times toe exisflng one. In 
edition, in toe.elaimed compost coverage, combination of composition 
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having an excellent high frequency characteristic of the almost infinite number 
can be obtained compared to any of the conventional ones. 

ZnTiO, (crystal structure has a rhombohedral symmetry) is phase- 
dissolved to Zn,Ti0 4 (cubic symmetry) and Ti0 2 (rutile) at a higher temperature 
5 than 945-C (refer to Fig.303 of phase diagrams for ceramist, System ZnO-TiO, 
by Dulin and Rac*). and th.. R . it is very difficult to be prepared. 

In order to obtain a pure ZnTi0 3 , phase synthesis and firing must be made 
at * h«low 945'C. A preliminary experiment of the present invention shows a 
result through an X-ray diffraction analysis that phase dissociation starts at near 
1 o 925-C so that a thermal treatment must be performed at below 925»C. 

In the present invention, in order to remove the shortcomings. Zn 2 ', a 
positive ion of A-site constituting an ABQ 3 type ilmenite phase ceramics, is 
substituted with Mg* (up to 0.6 mole), to thereby enlarge a thermal stabilization 
temperature of ZnTiO, to a high temperature range (refer to Figure 2), so that 
15 the preparation process coverage is widened and the high frequency dielectric 
characteristic are highly improved. 

A high frequency dielectric ceramics composition in accordance with a 
preferred embodiment of the present invention will now be described. 

Material powder (an average particle diameter is 1nm) of ZnO, MO (in this 
20 respect, MO is MgO, CoO or NiO) and Ti0 2 (>99%) was weighed according to 
a composition range of (Zn^TiO, and yTiO, (M is one of Mg, Co and Ni, x is 
O**0.6 in case of Mg, x is 0<x.1 in case of Co. x is 0<x<1 in case of Ni, and y 
is <Ky*0.8). mixed in a w t ball mil. method, dried at 120'C. and calcined and 

5. 
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synthesized at a temperature of 850-950-C for four hours. 

The calcined powder was crushed and dried for 24 hours, to which an 
aqueous solution with 2 wt % of PVA binder added therein was sprayed to create 
a granule of about 200 pm size, with which a disk test sample was shaped 
having a diameter of 10 mm and a thickness of 4.8MM under a pressure of 98 
Mpa. 

The shaped test sample was maintained at a temperature of 300-500'C 
for more than 3 hours to bum out the binder and fired at a temperature of 
925-1 100*C at an atmospheric pressure for 4 hours. At this time, a heat rising 
M io rate was 10"C/min. 

S The sintered test sample was ground with an SiC polishing paper 

(#1 .500) to obtain about 0.4S ratio of diameter to thickness of the test sample. 

The high frequency dielectric characteristic was measured in a TE„, S 
mod e by using a network analyzer (HP 6720C). and a dielectric constant was 
measure by a Hakki-Coieman method, a quality factor was measure by an open 
cavity method, a temperature factor of a resonance frequency was measured 
by an invar cavity at a temperature range of +20-+70'C. 

As a method for detecting the phase dissociation temperature of a 
compound, a DSC (differential scanning ealorimetry) was used. A measurement 
eondi«on was that a-alumina was taken as a standard test sample and a test 
sample of about 20mg was put in a platinum (Pt) crocible and measured in an 

air at a heat rising rate 1 0"C/min. 

Figure 1 is a graph showing a method for determining a phase 
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dissociation temperature based on a recommendation method of an ICTAfrom 
the DSC curve. 

Figure 2 is a graph showing the phase dissociation temperature (Toe) of 
(Zn^Mg^TiOa according to a substituted amount of Mg. in which it is noted that 
5 a dissociation temperature is moved up to a high temperature as the amount of 
Mg is increased, widening a phase stability region, so that it is easy to fabricate 
a synthetic powder. 

In case of the region V ■ 0, ZnTi0 3 is dissociated at a temperature 
945°C, and since the dissociation temperature is moved to a high temperature 
10 according to the substitution of Mg, a single phase of the (Zn^MgJTiOj solid 
solution can be easily synthesized or sintered even at the temperature of 945°C. 

Accordingly, the single phase can be obtained anywhere in the range of 
'region II' of Figure 2. and this region is the phase synthesis region of the present 
invention. 

1 5 Figure 3 is a graph showing a DSC curve of (Zn OB Mgo.j)TiO, composition, 

and Figure 4 is a graph showing an XRD pattern in case that the (Zn 0 8 Mg oi )TiO s 
composition was heat-treated at a temperature of TOOO'C for four hours, which 
is a single phase (Zn 0 . 8 Mg 0? )TiO,. 

On the basis of the obtained result, the region 11" of Figure 2 was 

20 selected as the phase synthesis temperature of (Zn^MgJTiO,. and 0<*<0.1 
composition was heat-treated to be synthesized at a temperature of 900»C for 
four hours, 0.lsxs0.6 composition was heat-treated to be synthesized at a 
temperature o 950*C for four hours. Thereafter, it was observed that 
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rhombohedral and/or hexagonal single phase of (Zn^MgJTiOj was formed 
through an XRD analysis. 

Table 1 shows a microwave dielectric characteristic of (Z^JVIgJTiOj 
0<x^0.6 composition. 
5 In the composition range, a dielectric constant was 20*25, a quality factor 

was 36800-85900 GHz, and a temperature factor of a resonance frequency was 
-25 --73 ppm/*C. 

In case of a composition of x>0.6, due to an influence of the high 
□ temperature material MgO, the sintering temperature was higher than 1 100°C 

P 10 arid a dielectric constant was below 20, so that a practicality and an economical 
jp efficiency are degraded. 

Table 1: A high frequency dielectric characteristic of a dielectric resonator 

D fabricated with (Zn 1rft M,)TiO a (M = Mg. 0<x<;0.6) 



No. 


X (mole) 


Firing 


Dielectric 


Quality 


Temperatu 






temperatur 


constant 


factor (Zxf 


re factor 






e (»C) 


<*r) 


GHz) 




1 


0.01 


925 


21 


36800 


-60 


2 


0.10 


1000 


25 


58500 


-25 


3 


0.15 


1050 


25 


83600 


-48 


4 


0.20 


1050 


22 


82300 


-67 


5 


0.25 


1050 


22 


71300 


-67 


6 


0.30 


1050 


21 


77100 


-61 



8' 
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Uf 
n 
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10 



15 



7 


0.35 


A AC A 

1050 


^1 


o*t 1 uu 


-63 


Q 
O 


0.40 


1050 


21 


88900 


-73 


9 


0.45 


1050 


21 


73600 


-68 


10 


0.50 


1050 


20 


81200 


-54 


11 


0.55 


1050 


20 


78200 


-56 


12 


0.60 


1100 


20 


85900 


-55 



Meanwhile, with a method for preventing reduction of the temperature 
compensation characteristic allowing a negative temperature factor of (Zn,. 
.MgJTiO,. to be controllable to a value of a range of ±10 ppm/°C suitable for 
application of a high frequency device and the high quality factor and the 
dielectric constant, the excellent dielectric characteristics of (Zn^MgJTiOa, (Zn,. 
x Mg x )TiO 3 +yTi02 (0<ys0.8) composite ceramics of which a temperature factor 
is positive (+430 ppm/'C), a dielectric constant is about 105, a quality factor is 
about 1000 (4 GHz) and Ti02 was added was fabricated. 

Table 2 shows a high frequency dielectric characteristic of the composite 
ceramics, and especially, when a composition of which V was in the range of 
0.15-0.55. an excellent dielectric characteristic having a dielectric constant of 
25-30. a quality factor of 80000-100000 GHz and a temperature factor of ±10 
ppm/°C was obtained. 

Table 2: A high frequency dielectric characteristic of a dielectric resonator 

fabricated with (Zn 1<B M „)Ti0 3 +yTi0 2 (M - Mg, 0<x£0.6) 

9 
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no. : 


(moie) 1 


/ 

i 

(mole) 


"iring 

temperature < 
(°C-4hrs) 


dielectric < 
constant 1 


duality i 
factor (Qxf f 
GHz) < 


'emperature 
actor 

(t f:ppm/°C) 


13 


0.01 


0.2 


925 


23 f 


42700 


-24 


I 




0.3 




28 


29000 


+9 








29 


27900 


+29 






0.4 










0.6 




33 


24100 


+53 | 


117 




0.8 




35 


22000 


+74 

+23 1 


j 18 


0.10 


0.2 


1000 


31 


51900 




I 




0.3 




33 


47300 


+51 


on 




0.4 




35 


43700 


+62 


I £ 1 




0.6 


• 


40 


41900 


+103 


1 




0.8 




46 


41300 


+134 \ 


23 


0.15 


0.2 


1050 


30 


80100 


+4 ~\ 


[24~ 




0.3 




32 




+12 






0.4 




34 


68400 


+42 | 


"26" 




0.6 




39 


57600 


+99 


~27" 




0.8 




44 


I 55200 


+128 
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Temperature 
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(mole) 
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constant 


factor (Qxf 


factor 
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0.20 
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31 




0 5 


32 




0 6 


33 


0.25 




34 




0 3 


35 




0 4 


36 




0 6 


•a "7 

37 




0 8 




0 30 


0.2 






0.3 


40 




0.4 


41 




0.6 


42 




0.8 



1050 



30 



32 



37 



28 



32 



37 



30 



32 



36 



40 



107000 +1 



B3900 



78800 



101000 



84900 



77900 



70700 



83600 



82000 



74100 



(•c f:ppm/°C) 
^24" 



+26 



-117 



-22 



+3 



+28 



+64 



+104 



-18 



101600 +3 



+22 



+73 



+103 



No. 


X 


Y 


Firing 


Dielectric 


Quality 


Temperature 




(mole) 


(mole) 


temperature 


constant 


factor (Qxf 


factor 








(°C-4hrs) 




GHz) 


(t f:ppm/°C) 
^17 


43 


0.35 


TZ2 


1100 


"28 


84300 
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30 ' 


J9700 


1-6 




32 


90700 


+19 




36 


81300 


+78 




40 


73400 


+112 




25 


83100 


-18 




28 


102500 


-1 




30 


85500 


+25 




35 


86500 


+65 




38 


"68400 


+108 




25 


69300 


-18 




27 


80200 


+6 




29 


74200 


+34 




34 


72900 


+60 • ' 




37 


69800 


+115 



No. 


X 

(mole) 


Y 


Firing 

temperature 
(°C-4hrs) 


Dielectric 
instant 


Quality 

factor (Qxf 
GHz) 


Temperature 
factor 

(x f:ppm/°C) 


58 


0.50 


0.2 


1050 


23 


69800 










23 


69200 


-17 


59 










60 








22 


68800 
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97400 


+1 
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78200 
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21 


73400 


-52 


64 








22 
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-39 
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72900 


-35 
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23 


72200 


-18 


67 




U.o 




25 


87000 


-3 


68 


0.60 


0.2 


1050 


21 


77100 


-64 


69 




0.3 




20 


65600 


-64 


70 




0.4 




20 


58500 


-62 


71 




0.6 




20 


45000 


-55 


72 




0.8 




19 


43200 


-47 



Such high frequency performance is second to Ba(Zn in Ta M j0 3 or 
Ba(Mg 1/3 Ta OT )0 3 group ceramics. 

Comparatively, the conventional dielectrics' are sintered at a high 

5 temperature of 1500°C and use high-priced material such as Ta205, but the 
composition of the present invention uses a low-priced material. And, the most 
of conventional ceramics compositions obtain a usable dielectric characteristic 
only in limited range, while the composition of the present invention has an 
excellent dielectric characteristic in a wide range of solid solution without a firing 

0 material at a temperature of 1000-1 100°C, and theoretically, in the present 
invention, combinations of an infinite number of usable high frequency dielectric 
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ceramics composition can be obtained. Th aforementioned is about M=Mg in 
(Zn,. x M x )Ti0 3 composition. 

In the present invention, Co or Ni can be used as a diatomic positive ion 
substitute source for Zn ion. The reason for this is that CoTiO^and NiTi0 3 as well 
5 as ZnTiO, or MgTiO a also have a hexagonal crystal structure and are able to 
form a solid solution with respect to Zn ion and Co or Ni ion. 

(Zn^MJTi0 3 solid solution has an unstable phase at a high temperature 
and dissociated into (Zn VJ£ M x )Ti0 4 and Ti0 2 . When Zn is substituted with Co or 
Ni, like Mg, hexagonal phase stabilization range is widened l an effect that the 
1 0 present invention intends to attain. 

Figures 5A and 5B are graphs showing X-ray diffraction analysis results 
after (Zn VJC Co x )T40 3 is calcined at temperatures of 1000°C and 1 150°C for four 
hours, and Figures 6A and 6B are graphs showing X-ray diffraction analysis 
results after (Zn^NUTiOa is calcined at temperatures of 1000°C and 1 150°C for 
15 four hours. 

With reference to Figures 2, 4, 5A, SB, 6A and 6B, in the (Zn V)f MJTi0 3 
(M=Mg, Co or Ni) solid solution, a thermal phase stability is notably (Zn n . 
,M gx )Ti0 3 > (Zn 1 . x C0 x )TiO3 > (Zn,J4QTtQ,. 

Accordingly, like the (Zn^MgJTiOa + xTi0 2 temperature stable microwave 
20 ceramics, the cases of Co and Ni also have the similar effect to the results as 
shown in Table 1 and 2, 

With reference to Figures 5A, 5B, 6A and 6B, it is noted that the lower the 
thermal treatment t mperature is, the lower the stability range of the hexagonal 

14 
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solid solution is. and a phase stability can be implemented for these 
compositions in the same manner as shown in Figures 1 and 2. 

Figures 7 and 8 respectively show a microwave dielectric characteristic 
of a test sample that (Zn^CoJTiOj and (Zn,. x Ni»)TiOj, the substitute solid 
5 solution of Co and Ni, were sintered at a temperature of 1 1 50°C for four hours. 

From the results of Figures 7 and 8, in the (Zn^MJTiOa (M - Co or Ni 
■ and O^x^D composition, a microwave characteristic having a temperature factor 
of '0' and excellent dielectric characteristic can be obtained. 

In Figures 7 and 8, 'a' region is a co-existence region of (Zn,. x M) 2 n0 4 
J (Cubic) phase and Ti0 2 (rutile) phase of Figures 5 and 6, and 'p' region is a co- 
existence region of (Zn^MJjTiO* (Cubic) phase + (rutile) phase + (Zn,.,M x )Ti0 3 
(hexagonal) phase, where the condition that the temperature factor is *0' is 
obtained. The reason for this is that the temperature factors of (Zn^MJjTiO, 
phase and (Zn^MJTiO, phase are respectively negative and the temperature 
factor of TiO, phase is positive, so that a compensation is made for the 
temperature factors in their suitable mixed phase, and thus, they have the value 
of'0'. 

However, as for the results of Figures 7 arid 8, there are problems that 
the condition that the temperature factor is '0' includes the cubic crystal (Zn,. 
*M x ) 2 Ti0 4 phase having somewhat low quality factor, that is, having the relatively 
lower quality factor than the hexagonal crystal (Zn^MJTiO,, and the composition 
having the temperature factor of '0* varies according to a sintering temperature. 

Accordingly, likewise in the above described embodiment of Table 1 and 

15 
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2, it is important to perform calcining of powder in (Zn^MJTiOa (M = Co or Ni) 
in the stable range of the hexagonal crystal. 

In such a case, the temperature compensation can be possibly performed 
by properly mixing the hexagonal crystal phase of (Zn Vx M JTiO, having the high 
quality factor and the negative temperature factor and TiO a (rutile) phase having 
the high quality factor and the positive temperature factor. 

Accordingly, likewise of the embodiment of Table 1 and 2, a microwave 
dielectric having the high quality factor and the stable temperature coefficient 
can be obtained. That is, a usable microwave characteristic can be obtained 
from the composition of (Zn^JvlJTiOaand yTi0 2 (M is Co or Ni, 0<x£1, 0sy<0.8). 

The effect of the present invention is not limited thereto. That is, for 
example, an effect by mixing more than two of A-site atoms constituting the 
above mentioned ABO, type ilmenite phase ceramics can be obtained. Namely, 
it refers to a mixture of (Zn^Mg^Co^Ni, JTi0 3 (0<a<1 , 0sb<1. 0<c<1, 0<tf<1). 

The mixture of (Zn^Mg^Co^Ni, «,)Ti0 3 is calcined (synthesized) in a 
stable temperature range of the ilmenite phase, into which a suitable amount of 
TiO z (rutile) is added up to 0sy<0.8, or (Zn^Mg^Co^Ni, JTiO,and yTiO z are 
mixed by one time and calcined in a stable temperature range of the ilmenite 
phase. 

In this respect oxide, carbonate, nitrate, alkoxide and the like can be 
used as a material for ZnO, MgO, CoO and NiO. and anatase or rutile can be 
used as a material for Ti0 2 . 
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INDUSTRIAL APPLICABILITY 

As so far described, a high frequency dielectric characteristic having an 
excellent various temperature compensation varied according to the high quality 
5 factor, the dielectric constant and the stable temperature factor and composition 
but having a very low sintering temperature compared with the conventional 
dielectric composition can be implemented at a low-priced material such as ZnO, 
MgO, CoO, NiO or Ti0 2 . 

In addition, since Ag, Cu or their alloy or Ag/Pd alloy can be used as an 
.0 internal electrode, and thus, can be used as various high frequency devices: i.e., 
a stacked chip capacitor, a stacked chip.filter, a stacked chip capacitor/inductor 
composite device and a low-temperature sintered substrate, a resonator and a 
filter or a ceramic antenna. 

Especially, the low-temperature sintered composition obtains a 
5 remarkably high quality factor more than several times that of the conventional 
one. 

In addition, combination of the almost infinite number of compositions 
exhibiting the excellent high frequency characteristic can be obtained in the 
composition range of the present invention. 
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